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iJv’.Lr.  ob.aLnoiI  in  a  L j’ vc  of  ..he  idinoificLri c  (u\d  oJecLrJcnl  hyfjvo- 

iiietric  s-cciiniqucs  I’v^t'us’tig  i.hr,-  relatjve  hvunldi  ly-iiioIyLuix.*  conLeni,  relationships 
of  dehydrated  foods  as  a  convenient  and  i*apid  racthod  for  obtaininc  the  moic.tui'e 
content  of  these  foods  Is  presented.  Dehydrated  cabbage,  non-fat  milk,  red  bell 
peppers,  potatoes,  ric.e,  chicken,  shrimp,  mixed  fruj.t.  peaches,  and  apples  were 
used.  The  lower  limits  for  moisture  content  determination,  the  temperature  ro- 
quii*ements,  and  the  precision  (O.l  percent  moisture  content)  for  both  methods 
were  generally  comparable.  The  elapsed  time  required  for  the  manometrlc  tech¬ 
nique  is  generally  about  0.8  hours  as  opposed  to  the  2  hours  generally  i*equired 
by  the  equilibrixim  hygromctric  technique.  The  actual  time  spent  by  personnel 
per  sample  for  the  hygromctric  technique  was  about  0.1  hours  as  opposed  to  about 
0-3  hours  for  the  manometric  technique. 


The  iiygrometric  method  was  somewhat  more  convenient  and  bad  better  Ict-to- 
lot  reproducibili  ty  with  the  dehydrated  chicken  samples  tested  where  this  fac¬ 
tor  was  studied. 


Work  on  an  exchange  study  of  tl^e  moisture  sorption-desorption  process  in 
chicken  Is  reported.  The,  co suits  tshow  an  increasing  accessibility  of  adsorption 
Siler,  r.bove,  P,"’)  ivveon,-  ii^oisi^uif;  eoiitont  and  indicate  a  promising  approtich  to 
dei'in  ug  critical  v'oistuiv  con..cn\.  values  in  connection  with  food  stability 
pi’ob  'ei  .s . 


in'i’RODUcriON 


On  February  15;  19^3  Evans 


Research  and  F'eyeloprient  Corporation  w 
jzcd  by  the  U.  5.  Ar^y  Research  and  Entj i nee r ! ng  O.riler  Lo  conduct  a 
fve  study  of  ehe  relatiw  huir.idlty  euid  rrioisturo  vapor  pressure  rnsthod 
de  term  nation  of  the  moisture  content  of  dehydrated  food.-,  to  be  made  u 
pies  of  starchy  fooas .  protein  foods  high  Gugar-conteni  foods  and  foo 
both  high  sugar-content  and  high  molecular  veight  constl tuenis . 


These  techniques,  calibrated  by  the  Association  of  Official  Agrlcr 
Chemists'  vacutim  oven  method,  were  to  be  compared  in  terms  of  accuracy 
ducibility,  specificity,  sensitivicy,  workable  moisture -content  range, 
temperature  and  calibration  requirements. 


Both  procedures  have  potential  advantages  over  the  standard  vacuu' 
method  for  determining  the  moisture  content  of  dehydrated  food  in  not  . 
sample  preparation  and  weighing,  and  in  considerably  shortening  the  elt 
tine  of  the  analysis.  Both  are  based  on  the  relationship  between  the  ; 
consent  of  dehydrated  foods  and  thf'  relacivo  humiditidy  in  equilibrium 
One  method  measures  this  illative  humidity  with  an  electrical  hygromeb 
the  other  employe  a  manometric  apparatus. 

This  final  report  covers  work  caiTied  out  from  February  15,  19^3 
February  15,  196k  ’onder  Evans  Research  Project  No.  9383-621. 
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EXPERIMENTAL  DISCUSSION 


I.  PREPARATION  OF  FOODS 


All  foods  examined  In  this  project,  which  are  listed 
In  Table  I  (APPENDIX),  were  ground  to  20  mesh  unless  -  as  In  the 
case  of  the  milk  and  potatoes  -  thoy  were  already  In  granular 
form.  The  cabbage,  peppers,  rice,  chicken,  and  shrimp  were 
ground  In  a  Wiley  Intermediate  Mill.  The  cabbage  was  dried  be¬ 
fore  grinding  in  the  vacuum  oven  for  $-1/2  hours  at  U5°C  using 
a  method  similar  to  that  used  by  B.  Makower  et  al.^  to  prevent 
gumming  and  clogging  in  the  mill.  The  dried  fruits  were  ground 
by  placing  just  less  than  one  ounce  of  sample  in  a  Waring 
Blender  for  10  seconds.  The  product  was  then  passed  through  a 
20  mesh  screen.  Seventy-five-gram  samples  were  then  placed  on. 
evaporating  dishes  and  their  moisture  content  either  decreased 
by  placing  them  in  a  desiccator  containing  magnesium  perchlorate 
or  increased  by  placing  them  in  a  desiccator  containing  water 
or  saturated  potassium  chloride  (85  percent  R.H.)  as  indicated 
in  Table  I  (APPENDIX).  The  samples  were  then  transferred  to 
16-ounce,  screw-cap  jars  which  were  mixed  on  a  roller  mill  for 
one  hour. 

II.  METHODS  OF  ANALYSIS 


A.  Vacuum  Oven  Method 


The  procedure  used  was  the  official  A.O.A.C.  method 
(Association  of  Official  Agricultural  Chemists,  9th,  Edition 
1960),  The  milk  and  rice  were  run  for  $  hours  at  100°C,  while 
the  cabbage,  peppers,  potatoes,  chicken,  and  shrimp  were  run 
for  20  hours  at  70°C,  The  dried  fruits  were  mixed  with  asbes¬ 
tos  and  dried  for  six  hours  ft  70°C  according  to  A.O.A.C. 
Method  20.008.  Moisture  content  determinations  are  expressed 
as  weight  percent  on  a  dry  basis. 

B.  Electrical  Hygrometer  Method 

An  Electrical  Hygrometer  Indicator,  made  by  Hygro- 
dynamlcs,  Inc.,  Silver  Springs,  Maryland  catalog  No.  15-3000 
was  used  in  conjunction  with  factory-calibrated,  narrow-range, 
Dunmore-type,  humidity-sensing  elements  (type  TH).  These  ele¬ 
ments  are  warranted  accurate  to  t  1,5  percent  R.H.  for  one 
year  of  normal  usage.  Two  elements  In  each  of  the  seven  nar¬ 
row  R.H,  ranges  from  1.6  to  59  percent  were  used. 
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The  food  under  examination  was  placed  in  a  wide 
mouth  16-ounce  bottle  (Fisher  Scientific  Co.,  catalog  No. 
3-316)  to  a  depth  of  about  0.5  inches.  This  bottle  was  ap¬ 
proximately  3  inches  wide  by  4  inches  high. 

Holes  were  drilled  through  the  plastic  ceps  that 
were  supplied  with  these  bottles  and  the  element  mounts  were 
screwed  into  them.  The  elements  were  plugged  Into  the  mounts 
and  suspended  above  the  food  in  a  closed  system  by  screwing 
the  caps  on  the  bottles.  The  element  mounting  terminals  were 
connected  to  a  six  position  rotary  switch  which  was  In  turii 
connected  to  the  Indicator. 

Once  the  element  with  the  proper  relative  humidity 
range  had  beon  selected,  readings  were  taken  on  the  indicator 
at  short  intervals  until  the  readings  fluctuated  around  a  con¬ 
stant  value.  At  this  time  the  water  vapor  In  the  Jar  was  In 
equilibrium  with  the  water  sorbed  on  the  food.  The  relative 
humidity  In  the  bottle  was  obtained  from  the  Indicator  read¬ 
ings  by  referring  to  the  calibration  chart  that  was  provided 
with  each  element.  Figure  1  (APPENDIX)  shows  this  apparatus 
In  use. 


C.  Manometrlc  Method 


The  design  of  the  apparatus,  which  Is  shown  In  Figure 
Z  (APPENDIX),  closely  followed  the  description  of  the  equipment 
used  by  J.  P.  Vincent  and  K.  E*  Bristol.* 

At  the  left  of  the  picture  Is  a  Dubrovln  Vacuum  Oauge 
which  was  made  by  the  Vielch  Scientific  Co.  The  pressure  Is 
read  directly  on  a  scale  calibrated  from  0  to  20  mm  of  Hg  In 
graduations  of  0,2  mm  of  Hg. 

The  cold  trap  at  the  right  of  the  picture  la  Immed¬ 
iately  followed  by  a  vacuum  pump  which  Is  not  shown. 

The  glassware  In  the  center  of  the  picture  was  fab¬ 
rics  .  by  Fisher  Scientific  Co.  Its  overall  length  is  9.5 
Inches.  In  use,  a  100  ml  round  bottom  flask  containing  the 
dried  food  under  examination  Is  attached  to  the  apparatus.  To 
the  right  of  this  flask  Is  a  permanently  attached  freeze. out 
trap  which  has  a  volume  of  100  ml. 

The  following  procedure  was  followed  when  a  deter¬ 
mination  was  made. 
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A  one  hundred  ml  round  bottom  flask,  which  contained 
the  dried  food,  was  attached  to  the  apparatus  and  the  system 
was  evacuated  by  means  of  the  vacuum  pump  for  three  minutes. 
Although  specially  designed  experiments  showed  that  the  period 
of  evacuation  was  not  critical,  this  value  was  kept  constant 
for  the  sake  of  consistency.  At  the  end  of  this  time  the  pres¬ 
sure  in  the  system,  as  measured  by  the  Dubrovin  Gaugo,  was  less 
than  one  mm  of  Hg. 

The  stopcock  between  the  two  freeze  out  traps  was 
closed  and  the  apparatus  was  left  undisturbed  until  the  pres¬ 
sure  had  Increased  to  a  constant  value.  This  value  was  re¬ 
corded.  At  this  time  the  water  vapor  above  the  food  was  In 
equilibrium  with  the  water  sorbed  on  the  food. 

The  stopcock  between  the  round  bottom  flask  contain¬ 
ing  the  food  and  the  rest  of  the  apparatus  was  not  closed  and 
the  100  ml  cold  trap  was  immersed  in  a  dry  ice/ethanol  bath. 

The  pressure  in  the  system  decreased  as  the  water  vapor  was 
frozen  out  in  the  cold  trap.  When  the  pressure  became  constant, 
its  value  was  recorded.  The  difference  between  the  two  vapor 
pressures  that  were  recorded  was  the  vapor  pressure  of  water  in 
the  system.  Any  air  that  was  desorbed  from  the  food  would  not 
be  condensed  in  the  cold  trap  and,  therefore,  its  partial  pressure 
was  not  erroneously  added  to  the  partial  pressure  of  the  water  vapor. 

The  relative  humidity  in  equilibrium  with  the  food 
was  calculated  from  the  experimentally  determined  partial  pres¬ 
sure  of  water  vapor  above  the  food  and  the  vapor  pressure  of 
water  at  the  temperature  of  the  determination.  The  last  value 
was  obtained  from  the  Handbook  of  Chemistry  and  Physics,  (i+lrd 
ed.;  Cleveland,  Ohio:  Chemical  Rubber  Publishing  Co.,  1961-2). 

III.  COMPARISON  OP  METHODS 


A.  Curves  of  Moisture  Content  vs  Relative  Humidity 

Figures  3  to  11  (APPENDIX)  show  the  effect  of  vary¬ 
ing  the  moisture  content  as  determined  by  vacuum  oven  analysis 
of  individual  foods  on  the  relative  humidity  in  equilibrium 
with  these  foods.  In  the  lower  curves  the  relative  humidity 
values  have  been  determined  using  the  electrical  hygrometer 
while  for  the  curves  just  above  them  the  values  were  determined 
with  the  manomotrlc  apparatus.  At  any  given  humidity  the  mois¬ 
ture  content  of  the  food  was  greater  when  determined  with  the 
manometrlc  samples  than  with  the  hygrometrlc  samples,  The  most 
probable  explanation  for  this  is  the  fact  that  in  cne  manometrlc 
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procedure*  which  la  run  In  the  absence  of  other  gases*  equili¬ 
brium  Is  established  between  the  water  vapor  and  the  food 
samples  without  the  competition  of  other  gases.  This  enables 
the  readsorption  of  greater  amounts  of  water  than  In  the  hygro- 
metrlc  apparatus,  where  this  competition  does  exist. 

Since  the  manometrlc  procedure  employed  an  Initial 
evacuation,  moisture  was  Initially  partially  desorbed  off  the 
food  samples.  Moisture  contents  of  the  samples  after  use  In 
the  manometrlc  apparatus  were  determined  In  order  to  obtain 
the  actual  equilibrium  relationship  between  the  mol st»ire  con¬ 
tent  and  relative  humidity.  However,  for  the  analytical  use 
the  relationship  betveen  the  moisture  contents  of  the  samples 
before  use  In  the  manometrlc  apparatus,  and  the  relative  hu¬ 
midity  was  obtained.  These  are  the  top  curves  in  the  graphs. 

_ Lower  Limits  of  Moisture  Content  Determination 


The  lowest  R.H.  that  can  be  measured  with  the  elec¬ 
trical  hygrometer  la  1.6  percent  R.H.  as  opposed  to  0.00  per¬ 
cent  for  the  manometrlc  method.  However,  because  for  a  given 
moisture  content  the  R.H.  is  lower  by  the  manometrlc  technique, 
the  lower  limits  for  moisture  content  determination  by  both 
methods  are  comparable. 

C.  Sensitivity 

The  hygrometer  Is  sensitive  to  changes  In  R.H.  of 
0.15  percent  R.H,  In  some  of  the  steeper  portions  of  the  curves 
of  R.H.  vs.  moisture  content  this  would  correspond  to  O.O3  per¬ 
cent  moisture  content.  On  the  other  hand  the  manometer  is  sens! 
tlve  to  0.01  percent  changes  In  R.H. 

D.  Deviation  of  Results  from  Vacuum  Oven  Analyses 

Values  for  the  moisture  contents  of  the  various  sample 
were  obtained  using  the  relative  humidity  values  and  the  appro¬ 
priate  calibration  curves  which  are  plotted  in  Figures  3-13. 
Deviations  of  these  values  from  the  vacuum  oven  analysis  values 
for  the  Individual  samples  are  Indicated  In  the  last  column  of 
Tables  2-12  (APPENDIX).  A  summary  of  the  standard  deviation  of 
these  values  from  the  vacuum  oven  values  as  well  as  the  standard 
deviation  of  the  vacuum  oven  analyses  Is  given  In  Table  I3 
(APPENDIX) .  These  results  Indicate  that  the  standard  deviation 
from  the  vacuum  oven  values  of  the  two  methods  of  analysis  were 
generally  comparable  with  the  exception  of  the  peach  results 
end  close  to  the  standard  deviation  of  the  vacuum  oven  analyses. 


The  results  of  the  moisture  determinations  run  si¬ 
multaneously  on  lots  2P  and  5?  of  precooked  frecss-drisd 
chicken  are  summarized  in  Tables  XI  and  XII,  respectively.  In 
Figure  12  the  relative  humidity  of  the  chicken,  as  measured  by 
the  hygrometrlc  method,  la  plotted  as  a  function  of  the  actual 
moisture  content,  as  measured  by  the  vacuum  oven  method.  This 
graph  Indicates  that,  for  the  hygrometrlc  method,  the  data  for 
the  two  lots  falls  on  one  curve.  On  the  other  hand,  when  rel¬ 
ative  humidity  of  the  two  lota,  as  measured  by  the  manometrlc 
method.  Is  plotted  as  a  function  of  food  moisture  content 
(Figures  13  and  II4.),  separate  curves  are  obtained  for  the  two 
lots.  (The  actual  moisture  content  used  for  Figure  II4.  Is 
based  on  vacuum  oven  analyses  carried  out  after  the  run  and 
that  for  Figure  I3  is  based  on  analyses  before  the  run).  A 
possible  explanation  of  this  lot-to-lot  difference  In  the  mano¬ 
metrlc  method  Is  that  the  number  of  desorption  sites  exposed 
by  air  desorption  varied  from  lot-to-lot. 

The  accuracy  of  the  two  methods  when  applied  to  the 
chicken  was  determined  by  reading  the  various  moisture  contents 
of  each  of  the  two  lota  off  the  calibration  curve  prepared  from 
the  data  for  the  other.  These  values  are  shown  In  Tables  XI  and 
XII.  The  deviation  of  these  values  from  the  vacuum  oven  analyses 
are  also  shown.  The  standard  deviation  of  the  moisture  content  for 
the  hygrometrlc  method  la  0.12  percent  moisture  content  and  that 
for  the  manometrlc  method  la  0.57  percent  moisture  content. 

E.  Temperature  Requirements 

The  manometrlc  and  hygrometrlc  procedures  for  the 
shrimp,  chicken  and  dried  fruit  were  run  using  a  temperature 
controlled  bath  of  25®C  t  0.2°C. 

The  results  for  the  cabbage,  milk,  peppers,  potatoes 
sued  rice  were  obtained  without  special  temperature  control  in 
a  room  having  an  average  temperature  of  26^0  with  an  average 

deviation  of  i  l,3°c.  The  average  calculated  error  in  the 
moisture  content  values  for  the  various  foods  caused  by  this 
deviation  is  Indicated  In  column  2  of  Table  XIV  (APPENDIX). 

These  values  were  obtained  from  moisture  sorption  Isotherms  at 
72  and  100°P  supplied  by  the  U,  3.  Army  Quartermaster  Research 
and  Engineering  Command.  Calculations  of  the  errors  of  the  two 
techniques  without  the  error  caused  by  (a)  temperature,  and  (b) 
temperature  and  vacuum  oven  analysis  deviations  were  made  as 
indicated  by  the  equations  in  Table  XIV  (APPENDIX).  After  cor¬ 
rection  for  the  effect  of  temperature  the  average  calculated 
deviation  of  the  hygrometrlc  results  was  0.09  percent  moisture 
content  while  the  value  for  the  manometrlc  technique  was  0.06 
percent  moisture  content.  Table  XII  Indicates  that  there  was 
no  significant  difference  In  the  standard  deviations  of  the 
foods  run  at  26° t  1.3°C  and  those  run  at  25°  i  0.2°C.  However, 

It  Is  felt  that  It  is  better  practise  to  employ  temperature 
control-. 
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F.  Distinction  Between  Water  and  Other  Volatile  Compounds 

The  hygroscopic  film  of  the  Dunmore  Sensor  used  In 
the  electrical  hygrometer  Is  sensitive  only  to  water  vapor 
pressure.  While  the  manometrlc  technique  measures  the  pres¬ 
sure  of  all  dry  Ice  bath  (-flO°C)  condensable  vapors  It  la  ex¬ 
tremely  unlikely  that  this  would  be  anything  but  water  vapor 
pressure  under  the  room  temperature  conditions  of  the  analysis. 

G.  Calibration  Requirements 

The  Dunmore  Sensors  used  were  factory  calibrated  and 
warranted  to  be  accurate  to  t  1,5  percent.  The  manometrlc  ap¬ 
paratus  used  was  checked  with  saturated  magnesium  chloride  and 
potassium  acetate  salt  solution  and  found  to  be  accurate  to 
within  0,6  percent  R.H. 

Dunmore  type  sensors  do  exhibit  a  slight  change  of 
calibration  with  time.  Page  6l4  of  the  Hygrodynamics»  Inc. 
catalog  states  that  one  group  of  sensors  changed  by  1.8  percent 
R.H.  in  six  years.  G.  0.  Handegord  et  al.^  states  that  "Stor¬ 
age  over  dessicant  with  occasional  use  over  a  period  of  two 
years  resulted  in  a  shift  in  calibration  that  exceeded  1  per¬ 
cent  R.H,  for  approximately  half  the  sensors,"  On  the  other 
hand  the  manometrlc  apparatus  would  not  exhibit  any  such  change 
In  accuracy. 

H.  Time  Requirements 

The  elapsed  time  for  an  analysis  by  the  hygrometrlc 
technique  varied  from  0.5  to  20  hours  with  most  samples  taking 
about  2  hours.  The  actual  time  spent  by  personnel  per  sample 
was  about  0.1  hour.  There  was  no  apparent  relationship  be¬ 
tween  the  sample's  moisture  content  and  its  rate  of  attainment 
of  equilibrium. 

The  time  required  for  the  manometrlc  technique 
varied  from  0.3  to  1.3  hours  with  most  samples  taking  about 
0.8  hours.  The  actual  time  spent  per  sample  was  about  0.3 
hours.  Samples  with  the  lower  relative  humidity  took  the 
shorter  time  while  those  with  the  higher  R.H.  values  took  the 
longest.  Representative  curves  for  the  rate  of  attainment  of 
equilibrium  for  this  method  are  shown  in  Figures  15  and  16. 


^Paper  C4.1*3»  1963  International  Symposium  on  Humidity  and 
Moisture,  May  20-3,  1963,  Washington  D,  C. 
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IV.  STUDY  OF  HYDROGLIN  FXCIiAUGE  DURING  MOl STUPE  SORPTION 


A.  Preparation  cr  Samploa 

Glass  Jarsi  6.0  cm  high  by  5*0  cm  in  diameter, 
having  an  69  ml  capacity  were  used  for  this  experiment.  The 
jars  were  equipped  with  plastic  screw  caps  having  a  hard  par¬ 
affin  liner.  Two-gram  samples  of  lot  5?  dehydrated  chicken 
(1.607  percent  moisture  content)  were  weighed  into  the  jars, 
after  which  the  samples  were  covered  by  P-cantlraeter  squares 
of  aluminum.  Different  amounts  of  water  (see  column  No,  1, 

Table  XV)  labelled  with  the  tritium  radioisotope  of  hydrogen 
(at  a  specific  activity  of  8?  microcurles''^  per  gram)  were  then 
added  to  the  jars  by  desposltlon  onto  the  foil  squares.  Those 
amounts  smaller  than  100  mg  were  added  using  "Microcap"  dis¬ 
posable  pipettes,^*  afteo’  which  the  pipettes  were  added  to  the 
jars.  Standard  pipettes  were  used  for  addition  of  those 
amounts  of  trltiated  water  larger  than  100  mg.  The  caps  were 
then  screwed  on  the  jars  and  the  caps  sealed  with  one  layer  of 
tape.  After  one  day  of  equilibration,  no  water  was  left  on 
the  foil.  The  jars  were  then  rotated  for  1/2  hour  at  25  R.P.M, 
and  allowed  to  equilibrate  for  a  total  number  of  days  indicated 
in  Table  XV,  during  and  at  the  end  of  which  they  were  again 
rotated. 

B,  Measurement  of  the  Water  Vapor  Radioactivity 

Following  the  equilibration  of  the  food  with  the 
tritium-labelled  water,  the  isotopic  dilution  of  the  water 
vapor  by  the  food  was  determined  by  measuring  the  radio-activity 
of  the  water  vapor  in  equilibrium  with  the  food.  For  this 
measurement  the  jar  containing  the  food  was  swiftly  removed 
from  its  cap  and  screwed  on  to  a  cap  which  had  an  inlet  and 
outlet  tube  loading  to  the  radioactivity  measuring  Instrument. 

The  jar  with  the  connection  is  shown  in  Figure  17.  The  1/0 
inch  O.D.  threaded,  stainless  steel  tubing  was  secured  through 
the  cap  using  a  lock  nut  and  gasket.  After  reinforcement  of 
the  cap  by  cementing  on  a  6  n?;?.-'thlck  piece  of  luclte,  two  holes 
were  bored  3  cm  apart  on  the  diameter.  The  inlet  tube  pone- 
trated  4  cm  into  the  jar  while  the  exit  tube  penetrated  2  cm. 

Both  tubes  extended  3  cm  above  the  cap.  The  exit  tube  con¬ 
tained  a  small  plug  of  glass  wool.  The  air  above  the  food  was 
pumped  Into  the  275  wl  flow  Cary  Tolbert  ionization  charaber^^^ 

— -  - - - - -  - 

One  raicrocurle  =  2.22  x  10'^  disintegrations  per  minute. 

'^Supplied  by  Drummond  Scientific  Company,  Brooraall,  Pa. 
■‘^■^^Supplled  by  the  Applied  Physics  Corporation,  Monrovia,  Calif. 
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connected  to  the  Cary  32  Vibrating  Reed  Electrometer''  to 
measure  Its  radioactivity,  .The  pumping  waa  done  using  a 
’’Kinetic  Clamp"  model  This  Is  a  peristaltic  typo 

pump,  the  flow  rate  of  which  was  $0  ml  per  minute  in  this 
experiment.  The  exit  tube  was  connected  by  20  cm  of  vinyl 
tubing  (?,8  mm  I.D.,  6  mm  O.D.)  and  ID  cm  of  glass  tubing  to 
a  glass  socket  which  was  greased  and  clamped  to  one  of  the 
two  18  mm  diameter  ball  joints  of  the  ionization  chamber. 

The  inlet  tube  was  similarly  connected  by  ^0  cm  of  the  vinyl 
tubing,  part  of  which  was  wound  through  the  "Kinetic  Clamp" 
to  the  other  joint. 

Pumping  WHS  then  started  and  the  jar  placed  in  a 
thermostatically  controlled  bath  at  t  0,?°C.  The  atmos¬ 
phere  in  the  jar  was  allowed  to  equilibrate  with  the  air  in 
ths  ion  chamber  for  two  hours,  during  which  tlr.e  the  jar  was 
periodically  shaken  by  hand  to  expose  fresh  food  surface. 

Before  each  run  the  air  in  the  ion  chamber  and  connections  was 
dried  by  circulating  it  for  one  hour  through  a  drying  tower 
containing  "Drierlte".  The  radioactivity  was  determined  by 
measurliig  the  rate  of  charge  build-up  expressed  in  millivolts 
per  mlpp, te.  The  greater  the  radioactivity  in  the  ion  chamber, 
the  greater  the  ionization,  and  the  greater  the  millivolts  per 
minute.  The  results  are  shown  in  column  No.  6  of  Table  XV, 

C,  Calculation  of  the  Amount  of  Exchange 

The  amount  of  radioactivity  added  to  the  individual 
food  jars  was  obtained  by  multiplying  the  amount  of  radioactive 
water  added,  by  the  radioactivity  per  given  amount  of  radio¬ 
active  water.  The  latter,  expressed  as  mv/mln/R.H,,  was  deter¬ 
mined  by  measuring  the  radioactivity  in  the  ion  chamber  when 
the  air  in  the  ion  chamber  is  in  equilibrium  with  the  air  over 
saturated  salt  solutions  at  25°C  ±  0.?OC,  the  salt  solutions 
being  contained  In  the  jars  instead  of  the  food.  The  solutions 
were  made  with  the  undiluted,  tritlated  water  (87  mlcrocuries 
per  gram).  The  lithium  chloride  solution,  which  has  an  R.H,  of 
11,05  percent*"'* gave  ?1.5  mv/mln;  the  potassium  acetate  solu¬ 
tion,  which  has  an  R.H,  of  22, percent,  gave  $02  mv/mln;  and 
the  sodium  bromide  solution,  which  has  an  R.H.  of  57*7  percent, 
gave  1?U4  mv/mln.  Figure  18  is  a  plot  of  R.H.  versus  radio¬ 
activity.  The  slope  of  this  line  is  21,$  mv/mln/R.H. 

^Supplied  by  the  Applied  Physics  Corporation,  Monrovia,  Calif, 
**Made  by  Slgmamotor  Incorporated,  Mlddleport,  N.  Y. 

*^^R.H.  Stokes  and  R.A,  Rotlnson,  Industrial  and  EnKlneerlne 
Chemistry  Ul,  2013  (19U9)  - 
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The  amount  of  radioactivity  present  after  equili¬ 
bration  of  the  food  with  the  tritlated  water  is  obtained  by 
multiplying  the  amount  of  water  present  In  the  vapor  plus  the 
exchangeable  hydrogens  (expressed  as  an  equivalent  amount  of 
water)  by  the  final  radioactivity  per  given  amount  of  water. 
The  amounts  of  various  groups  In  chicken  protein  which  contain 
potentially  exchangeable  hydrogens  equivalent  to  l8  mgs  of 
water  are  wgs  of  OHi  16  mgs  of  NHp,  30  wgs  of  NH»  90  mgs  of 
COOH,  and  60  mgs  of  3H, 

The  Initial  total  activity  Is  equal  to  the  final 
total  activity.  Using  this  equality  we  can  solve  for  the  num¬ 
ber  of  hydrogens  exchanged,  expressed  as  equivalent  milligrams 
of  water  in  the  following  fashion. 


H^O  Added 
(m^s) 


Initial  specific 
radioactivity 
(mv/min/P.H. ) 


Total  H2O  +  ^cb^nge  H 
(Equiv.  rags  of  H2O) 


Final  specific 

radioactivity 

(rav/rain/R.H.) 


i 


Exchange  H 
(Equiv,  rags  of  H2O) 


H^O  Added 

Initial  specific 

radioactivity 

(mgs) 

(rav/min/p.K. ) 

Final  specific 

radioactivity 

(rav/min/P.F.) 


Total  H2O 
(mgs) 


The  results  of  this  calculation  for  the  various 
samples  are  shown  In  Table  XV  and  the  polar  group  accessibility, 
expressed  as  equivalent  amount  of  moisture  content,  is  plotted 
as  a  function  of  moisture  content  in  Figure  20.  This  plot 
shows  an  Increased  accessibility  of  groups  which  are  considered^ 
to  be  water  sorption  sites  with  Increasing  moisture  content.  A 
similar  increase  in  accessibility  was  found  by  Bettelhelm'^*  in 
his  work  on  mucopolysaccharides.  He  attributed  this  Increase 
to  a  zipper  mechanism,"...  Water  molecules  ...  penetrate  into 
the  whole  matrix  by  occupying  the  free  sites  causing  partial 
swelling,  next  breaking  existing  hydrogen  bonds  between  polymer 
chains  and  establishing  new  ones  with  the  sorbate". 


Paullnff,  Journal  of  the  American  Chemical  Society  67,  555 

(1945) 

Bettelhelm  and  S.H.  Ehrlich,  Journal  of  Physical  Chemistry 
1948-1960  (1963) 
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The  plot  In  Figure  20  shows  an  Increase  In  acces¬ 
sibility  of  adsorption  sites  at  2.3  percent  moisture  contenti 
with  a  still  more  rapid  Increase  beginning  at  3*0  percent 
moisture  content. 

The  results  obtained  In  the  present  work  on  adsorp¬ 
tive  site  accessibility  are  Interesting  In  connection  with  the 
use  of  moisture  sorption  Isotherms  and  the  B.E.T.^  equation  In 
food  stability  problems.  It  may  be  that  the  point  at  which 
site  accessibility  Increases  rapidly  Is  a  critical  point  in 
food  stability. 


S,  Brunauer#  P.H.  Emmett,  and  E.  Toller,  Journal  of  the 
American  Chemical  Society  60,  309  (193^) 
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Tables  I-XV 
Figures  1-20 
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P'ood 

Description 

Lot 

Number 

Supplier 

Original 

Moisture 

Content 

(%} 

Expoauj 

MSCICJ^ 

0  Per 
to 

R^O 

lod  (da^a) 

Sat’d  fCX 

Cabbag* 

Unblanchad  dleea  (3/8") 

California 
Vegetable 
Concentratea 
Inc.,  Modeato. 
California 

m 

6 

0.79 

Red  Bell  Pepsera 

dices  dA") 

California 
Vegetable 
Coneantratea 
Inc.,  Modesto, 
California 

7.0 

0.79 

0.79 

Ron-Pat  Milk 

Carnation  Instant 

• 

BBS 

Ik 

0.  ?7 

Potatoea 

French* •  Inatftnt  Maahad 

15 

?.5 

Rice 

Uncle  Ben's  New 

Culck  Pre«Cooked 

aa 

11. u 

lU 

r 

icooked-dlced  (3/8") 
Chicken  Lot  1  ' freete-drled  meat 

(in  natural  proportlona) 

057L3 

5P520 

United  Fruit 
&  Food  Corp., 
Boston,  Maas. 

p.au 

m 

6 

Cooked*dlced  (3/8") 
Chicken  Lot  2  freese>drled  meat 

(In  natural  proportlona) 

057L3 

?P5?0 

'inlted  Prult 
it  Food  Corp., 
boston.  Mass. 

?.04 

m 

6 

Conked,  whole, 

Shrimp  freeae-drled 

l???-l»0 

u* 

United  Fruit 
k  Pood  Corp., 
Boston,  Mass. 

3.66 

m 

0.7S 

Aoplea  1  Perforated  elicea 

_ 1 _ 

- 

VacU'Dry  Co. 
Oakland,  Calif. 

mm 

Ik 

O.IJ 

Peachea 

slic«s 

lAMO 

AOUA? 

Vacu-Dry  Cc. 
Oakland,  Calif. 

3.3 

21 

3 

Mixed  Prult  Fruit  Galaxy 

_ _ _ \ _ 

136X0 

3536U 

Vacu-Dry  Co. 
Oakland,  Calif. 

3.i4 

21 

3 
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TABLE  II 

VARIATION  OF  EQUILIBRIUM  HELATIVE  HUMIDITY 


WITH  '^^AHPLE  moisture  contfjnt  for 
UNULANCHEi)  CABBAGE 


Technioue 

* 

M.C. 

•» 

Oev. 

Aver. 

M.C. 

Oev. 

Technique 

R.H. 

Aver. 

n.H. 

Derived 

M.C. 

Deviation 
from  Vacuum 
Oven  M.C. 

?.393 

0.053 

U.2 

2.49 

0.10 

2.515 

0.022 

2.U5U 

0.061 

U.o 

msm 

2.45 

0.07 

3.557 

0.0U3 

12.1 

3.53 

0.03 

Vacuum 

3.650 

0.013 

3.60U 

0.0U6 

12.9 

12.5 

3.69 

0.04 

Oven 

(on  Untreated 
Sample) 

6.085 

0.06U 

21,  3_^j 

5.95 

0.14 

6.318 

EflEla 

6.202 

0.116 

25.2 

mm 

0.11 

8.921 

0.01i2 

36.5 

msii 

0.01 

8.928 

0.070 

8.925 

O 

c 

e 

o 

36.5 

36.5 

8.93 

0.00 

ftci,  Dev. 

0.C50 

Stcl .  Pf'v . 

0.08 

Vaouu>r 

2.593 

0.005 

2.593 

0.356 

0.356 

2.59 

Oven 

(on  Semple 
after 

3.U72 

0.07U 

3.52 

3.47 

0.00 

3.U66 

0.067 

3.U69 

0.003 

3.52 

3.52 

3. 47 

0.00 

Oetormlnatlon 

5.8'^ 

0.097 

17.6 

0.09 

of  M-C.  by 

5.6U3 

0.059 

5.756 

0.112 

Manometric 

IT.l 

17.5 

0.01 

Mathoo) 

6.l^07 

O.Ox; 

20.6 

6.28 

0.14 

6.190 

0.1U7 

6.299 

0.109 

21  .U 

21.1 

6.39 

0.20 

8.273 

0.028 

— 

28.0 

6.06 

0.21 

8.065 

0.006 

8.169 

O.lOlj 

28. li 

28.2 

8.25 

0.18 

- j 

■n: 

2.U5U 

0.356 

^0.356 

2.45 

0.00 

Vacuum 

SS 

L~_. 

3.52 

3.60 

Oven 

3.60t; 

0,0U6 

3.52 

3.5? 

3.60 

^  on  Untreated 
Sample) 

Manometrlo 

17.8 

6.28 

wm\ 

6.20? 

0.116 

17.1 

17.5 

6.12 

0.08 

28.0 

SHI 

8.85 

0.07 

8.925 

o.oou 

28.4 

9.00 

0,07 

CA  #4 

w  w»  •  >  V  » 

■mi 

0.06  , 

“Kolatur®  'Content  (*veraQ«  of  two  sakipIqb) 

'^«vi»tion  between  the  molature  contents  of  the  two  aamplea  tested, 
’deviation  between  n.C.  end  Aver.  M.C, 
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TADLE  111 


VARIATION  OF  EQt;iLI>3RHm  flKLATIVE  HUMIDITY 
Wim  SAMPLE  MOISTURE  COMTIINT  FOR 
CARNATION  INSTANT  KON-PAT  MILK 


Taohnlqua 

M.C. 

Dev. 

Aver. 

M.C. 

Aver. 

Dev. 

Technique 

R.H. 

Aver, 

R.H. 

Derived 

M.C. 

Deviation 
Prom  Vacuum 
Oven  M.C, 

Vaou\m 

Oven 

(on  Untreated 
Sample ) 

ftd.  Dev, 

wsm 

0.018 

Hygromelrio 

Std.  Dev, 

warn 

imiiii 

2.48 

EKSI 

2.517 

0.092 

2.516 

0.002 

wsa 

■MHi 

2.54 

Esai 

3.356 

0.002 

3.45 

0.09 

'3.467 

0.014 

3.412 

0.056 

8.1 

8.45 

0.09 

3.875 

0.002 

16.0 

0.C8 

3.326 

0.003 

3.851 

0.025 

13.4 

14.7 

3.79 

0.04 

5.769 

0.032 

■n 

30.5 

5.74 

0.03 

■dUii 

0.020 

Kiuia 

0.029 

warn 

warn 

mam 

7.197 

0.021 

36.0 

7.09 

0.11 

7.237 

0.040 

37.0 

warn 

7.39 

0.11 

■■i 

0.090 

pS 

J)  .q7  

Vecu\aa 

Oven 

(on  Sample 
After 

Determination 
of  M.C,  by 
Hanometrlo 
Method) 

3.244 

0.125 

2.79 

HHI 

3.21 

0.03 

warn 

0.002 

mm 

mrm 

warn 

mam 

3.789 

0,048 

6.99 

IHHI 

3'^70 

0.09 

Buuai 

0.032 

3.765 

usm 

Manonetrlo 

7.55 

7.27 

3.79 

0.05 

BjjSjj 

5.401 

0.099 

mm 

19.5 

5.21 

0.19 

5.334 

0.029 

5.368 

0.034 

21.5 

20.5 

5.46 

0,13 

6.610 

0.018 

30.4 

/.65 

0.06 

6.697 

0.066 

EEsn 

Km 

wmm 

■■1 

ggjj 

eg 

Vacuum 

Oven 

(on  Untreated 
Sample } 

2.79 

3.40 

0.01 

^  3.1*12 

3.59 

3.19 

wEsm 

0.07  f 

3.83 

3.851 

0.025 

Hanomstric 

7.55 

7.21 

3.90 

0.05 

19.5 

5.58 

0.16 

^.74o 

0.029 

21.5 

"20X" 

0.14 

30.4 

7.24 

0.00 

7.237 

0.040 

Std.  Dev. 

30.4 

30.4 

7.24 

0.00 

J 

0,09 

15- 


lAbi.i=:  iv~ 

VARIATION  <~iv  y/1)  ILIbHJMH  HFXATIVE  HUMIDITY 
WIT;:  SAMPLE  MOT  STTiKK  CON  TENT  FOR 
R-;t)  BF.LI.  PEPPERS 


i 

TachniquN 

UX’ 

!  Oev. 

1 

Aver. 

M.O. 

Aver. 

Oev. 

Technique 

R.H. 

,  Aver, 
RoH, 

Derived 

M.C. 

Ttvleti on 
frorc.  varuurr. 
oven  M.C. 

f 

Vacuum 

Oven 

(on  Untreated 
Sample} 

3. 0^)0 

\  0,010 

16.0 

4.96 

0.10 

'"0.075 

5.60C( 

0.049 

17.5 

II6.8 

5.C4 

0.08 

5.810 

’ 

Hyur  'metr.*  0 

1 

( 

1 

IHHI 

5.82 

0.00 

5.958 

0.0/4 

5.888 

0.07<- 

25.8 

■Boa 

0.03 

6.656 

0.079 

28.0 

mm 

6.53 

0.13 

6»6ao 

0,006 

6.673 

0.01/ 

287? 

28.3 

6.65 

6.04 

7.022 

C.059 

,-J 

r  ‘ 

29.0 

6.80 

0.22 

6.905 

0.103 

6.964 

0.^59 

29.0 

29.0 

6.60 

0.11 

6.171 

0.037 

34.0 

HB 

8.17 

0,66 

8.0U9 

0.136 

8.110 

0,06  > 

34.1 

warn 

8.19 

0.14 

5td.  Dev> 

0.07? 

Std.  Dev. 

o.n 

5.195 

0.092 

7.96 

5.03 

0.17 

1 

1 

4.863 

0.081 

5.029 

0.166 

8,76 

8.36 

5.04 

0.17 

1  Vacuum 

5.562 

OcC52 

_ H 

14.4 

5.43 

0.13 

'  Oven 
(  nn  51a  mnl  m 

5.146 

0.041 

5.504 

0.058 

15.6 

15.0 

5.58 

0.13 

IHHI 

1  after 

6.623 

0.084 

23.9 

6.73 

;  Determination 

6.6O7 

0.137 

6.615 

O.QO8 

Manonatrlc 

&^6 

23.3 

6.53 

HHI 

;  Manometrlc 

7.589 

EttiSflHIi 

gaw 

IHH 

7.60 

IIIBfll 

1 Kethod) 

7.618 

0.015 

;0.l, 

28.4 

7.60 

0.02 

_ 1 

9.963 

0.046 

— 

37.7 

10.30 

0.34 

0.0 ; 

10.04 

0.08 

36.2 

37.0 

9.70 

0.41 

BB 

1 

_ 

"7.96 

4.96' 

0.65 

HH 

5.009 

0.049 

8.76 

8.36 

5.06 

0.0? 

BB 

14.4 

5.79 

■1 

0.10  : 

Vacuum 

■B 

5.886 

0.070 

15.0 

15.0 

5.95 

Si 

O.Cb 

Oven 

23.9 

7.03 

HH] 

0.12 

(on  Untreated 
Sample) 

- J 

6.964 

0.059 

M.w'jometrlc 

22.6 

23.3 

6.88 

j 

' 

i 

26.4 

8.11 

■11 

'o.--  1 

BHS' 

[Hum 

8.110 

0.061 

28.4 

28.4 

8,11 

Si 

0.00  i 

■■ 

HHli 

37.7 

11.18 

0.36 

- 

10.82 

0.05 

L 

36.2 

37.0 

10.50 

- f 

/ 

0.32  ; 

rtd.  dpv.  1 

*>  -  - 

_ 

5td.  Dev.  1 

- - - - L 

I 

■11 

BOH 
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TABLE  j 

VARIATIOH  OF  EUUILlpP.IUtl  RELATIVE  HUMIDITY 


FREuCItS  lasTAHT  POTATO!; 


IVaAaun 
Over 

s  (on  Jntraatod 
I  Simpla) 


M.C. 

Dev, 

3.919 

0.009 

3.943 

0,034 

5.213 

0.060 

5.212 

0.035 

Aval*.  Derived 

Teohnlque  R.H.  R.H.  M.C. 


Deviation 
From  Vacuum 
Oven  M.C, 


{ygrometrlo  I  26,5 


Std.  Dev, 


7.676  p. 008  7.586  0.090 


5.658  0.08t| 


8.853  p.Olili  8.75610.098 


9.413  0.026 


9.442  0,103 


0.055 


8td.  Dev 


3.923 

0,015 

3.847 

0.033 

Cven  6.870 

(on  Sample  v,o70 

After  “‘-7 -g  ■ 

Dotermlr-wtlon  ' 

of  M.C,  Bj  '7.431 

Manometplo 

Method*  6.798 


0.0531  4.91910.056 


0.106 


0.010  6.97010.100 


BBaEB 


7.565  0.13; 


0,041 


8,779  0.019 


0.06 


0.08  11.98  10.16 


Manometrlo  19.1  |l8.5 
21.5 

22.3  12X.B 

24.9 

25.7  [25.3 

44.7 

43.8  j44.3 


( 


i 

1 

I 


1#  *  nr  *  rvti* 

*  <1  H  A  ft  *  A  '*»»  \f  I 


iJfMI 

*'•*'- 


WITH  SAtlPLi; 
UNO  Lie  PI 


Tcohniqu* 

M.C. 

Dev. 

Aver. 

M.C. 

Aver. 

Dev. 

Vacuum 

Oven 

(on  Untraated 
Sample ) 

Std.  Dev. 

3.976 

0.102 

3.601 

0.003 

3.709 

0.107 

5.996 

0.034 

5.092 

0.022 

5.941( 

0.052 

9.930 

0.019 

9.916 

0.061 

9.927 

0.011 

0.03 

ion 

0.02 

11.39 

0.00 

ma 

0.02 

SOI 

0.04 

12.99 

0.01 

0.046 

Vacuum 

Oven 

(on  Sanole 
After 

Detamlnation 
of  M.C.  by 
Kanoaietrio 
Method) 

3.560 

0.174 

3.951 

0.009 

3.756 

0.196 

5.507 

0.010 

5.559 

0.010 

5.573 

0.014 

8.764 

0.093 

8.606 

0.089 

8.685 

0.079 

am 

0.03 

10.24 

O.lS 

10.26 

0.02 

mm 

0.01 

ssa 

0.19 

11.24 

0.00 

iSEEm 

0.02 

ssa 

13.01 

0.09 

Vacuum 

Oven 

(on  Untreated 
Sample ) 

3.709 

0.107 

5.944 

0.052 

9.927 

0.011 

11.39 

0.00 

12.99 

0.01 

15.92 

0.C8 

TAHLE  VI 

ILirr’.IUM  nieLA.TTVie  inniTUXTY 
HOISTUIlie  COHTKKT  FOU 
i:n«3  iMSTAwr  nici; 


Teohnlqu* 

R.H. 

Aver, 

n.H. 

Derived 

M.C. 

Deviation 
From  Vacuum 
Oven  M.C. 

Ilygrometrlo 

Std.  Dev. 

4.60 

3.90 

0.00 

4.4o 

4.-50 

3.70 

0.10 

8.40 

5.94 

0.06 

8.40 

0.40 

5.94 

0.05 

26.0 

9.82 

0.12 

28.0 

27.0 

10.01 

0.09 

^3.0 

11.39 

0.00 

-13.0 

43.0 

11.39 

O.OO 

W.5 

12.62 

0.37 

52.0 

50.8 

13.40 

0.42 

0.20 

Hanometrlo 

0.76 

3.76 

0.20 

0.76 

0.76 

3.76 

0.19 

4.33 

5.59 

C.OO 

4.06 

4.20 

5.49 

0.07 

0.69 

0.07 

mm 

15.1 

15.1 

0.69 

0.00 

IB 

mM 

10.27 

0.00 

n 

25.8 

25.6 

10.31 

0.07 

11.21 

0.11 

32.6 

32.4 

11.23 

0.12 

lt4.o 

13.03 

0.07 

43.6 

43.9 

13.75 

0.03 

Manometrlo 

Std.  Dev. 

0,76 

3.79 

0.00 

0.76 

0.76 

3.79 

0.00 

4.33 

6.00 

0.06 

4.06 

4.20 

5.89 

0.05 

9.93 

0.00 

saa 

15.1 

9.93 

0.00 

ma 

11.32 

O.'I? 

25.^ 

25.6 

11.43 

0.04 

12.93 

0.06 

m 

32.4 

13.03 

0.04 

BPHil 

15.97 

■il 

0.05 

^3.8 

43.9 

15.86 

Si 

0.06 

0.05 

18 


TABLE  VII 

VARIATION  OF  EQI’ILTBRIUM  RF.UTIVE  HPHTDTTY 
WITH  SAMPLE  MOISTURE  CONTENT  FOR 


SHRIMP 


T«chnlqu« 


M.C. 

Dev. 

3.525 

0.025 

3.827 

0,006 

4.751 

0.063 

4.845 

0.041 

Aver.  ( Aver. 

Dev, 


Veeuum 

Oven 

(on  Untreated 
Semple ) 


Technique 


Aver, 

R.R. 


Std.  Dev, 


Veeuum 

Oven 

(on  Sample 
After 

Determ  inetlon 
of  M.C.  by 
Henometrlc 
Method) 


5.991  0.008 


8.242  0.003 


8.221  0.040  8.232  0.010 


9.460  0.102 


9.692  0.129  9.576  1 0.116 


0.071 


Hygrometrle 


2.757 

0.030 

2.801 

0.002 

5.443 

0.114 

5.560 

0,032 

7.455 

0,017 

7.435 

0 

0 

C 

8.320 

0,069 

8.423 

0,069 

Deviation 
From  Vac. 
Oven  M.C. 


4.70 

0.05 

4.90 

0.05 

8.38 

0.14 

8.23 

0.01 

9.50 

0.04 

VAR I ATI OM  OF  ECU 
WITH  SAMPLE 


I 


M 


Technique 

B 

mm 

Aver. 

Dev. 

Vacuum  Oven 
i  (on  Untreated 
Sample) 

t 

Std.  Dev. 

0.717 

0.663 

0.027 

3.537 

0.015  , 

3. 

o.)45 

U.967 

0.139  ; 

5.?l49 

0.131 

7.751*  0.010 

- -  -  _ _ _ 

_ _ 

'  0.157  ; 

Vacuum  Oven 
(on  Sample 

After 

Determination 
of  M.C.  by 
Manometrlc 
Method) 

0 

l.?09  1  0.068  ■ 

1 

0.98)  i  0.0416  1.095 

0.114 

3.?84 

o.?i9  ; 

3.510 

4.614 

0.018 

— 

4.996 

0.?48 

4.905 

0.091 

0.6?5 

0.068 

9.P36 

0.P06 

0.931 

O.3O6 

1 

- 

0.690  0.027 

Vacuum  Oven 
j  (on  Untreated 
.  Sample) 

3.393 

0.145 

1 

0 

5.118 

0.131 

7.740 

0.007 

Volstur*  Content  Anelynis 

Vacuum  oven  drying  of  thle  sample  for  16  houi 
a  moisture  content  value  of  1  0. 


Vlll 


LlbRlUM  RELATIVE  HUM.TDnY 
MOISTURE  CONTENT  FOR 
ilXED  FRUIT 


Technique 

R.H. 

Aver. 

R.H. 

Derived 

M.C. 

Deviation 
From  Vac. 
Oven  M.C. 

Hygrometric 

3.10 

0.72 

0.00 

2.00 

2.95 

0.66 

0.02 

22.7 

3.35 

0.19 

23.? 

23.0 

3.43 

0.10 

29.6 

5.02 

0.03 

29.6 

29.6 

5.02 

0.23 

std.  Dev. 

33.0 

7.55 

0.20 

39.7 

30.9 

noommoiiiiii 

O.l’^  1 

Manometrlc 

0.42 

0.04 

0.63 

21.7 

21.7 

21.7 

30.7 

30.3 

30.5 

37.0 

37.0 

37.0 

Manometrlc 

0.42 

0.66 

0.01 

0.84 

0.63 

0.70  0.01 

21.7 

3.39  ;  0.00 

21.7 

21.7 

3.39  0.00  1 

30.7 

mmmmm 

30.3 

30.5 

5.10  ‘  0.02 

37.0 

7.75 

0.00 

37.0 

37.0 

7.75 

0.00  , 

Std.  dev. 

0.015 

ra  Instead  of  the  A.O.A.C.  recommended  6  hours  gave  * 

-  20  « 


Ti 

VAWlATIO.j  OF  EftUlL] 
WITH  aAMPLa  M( 
DRII 


Tvehnlqu* 


M.C. 


Do. 


Avar. 

M.C. 


Avar. 

Oav. 


l.7?8  0.?U0 

1.871  O.OI48  '  1.800 

—  * _ _ 

0.07? 

Q^Q[|QJJ]||||||||[| 

3.7U5  0.007  .  3.7IU 

0.03? 

_ 1 _ 

U.687 

_ _ 1 

_ 

U.753 

0.066 

'  0.141 

1.61?  0.037 

nrrw.BTi 

1.631 

0.019 

3.6??  0.04? 

3.575  ^  0.063 

3.599 

0.0?8 

4.373 

0.045 

1.800 

0.07? 

3.714 

0.032 

4.753 

0.066 

VaeuuM  Ovan 
(on  Untraatad 
Sampla) 


Sid.  Dav. 


Vaeuun  Ovan 
(on  Saapla 
Aftar 

Dataralnatlon 
of  M.C.  bj 
Manoaiatrlo 
Hatbod) 


Vaeaun  Ovan 
(on  Untraatad 
Saapla) 


O 


IBLB  IX 

LBBIUM  RBLATIVK  HUMIDITY 
)iaTURE  COMTKIIT  fOR 
S.-*  APPLES 


Taohnlqua  E.H. 

Darlvad 

M.C. 

Davlatlon 
Prom  Vac. 
Ovan  M.C. 

RjgroMtrlc 

5.00 

1.79 

0.06 

S.?o  5.10 

1.81 

0.06 

18.7 

3.70 

0.0? 

19.0  IS. 9 

3.75 

0.00 

?3.? 

4.75 

0.07 

?3.?  '  ?3.? 

4.75 

0.06 

Std.  Oav. 

0.057 

Manonatrle 

4.?1 

4.?l 

4.?l 

12.6 

12.4 

i?.5 

18.5 

18.5 

18.5 

HanoMotrle 

Std.  Dav. 

4.?i 

1.80 

0.00 

4.?i 

4.?i 

1.80 

0.00 

l?.6 

3.73 

0.02 

i?.4 

l?.5 

3.68 

O.03 

18.5 

4.75 

0.00 

18.5 

18.5 

4.75 

0.00 

0.016  ] 

2 


VAPIATIOW  OK 


WITH  SAMPLE  I 


D 

Dev. 

JM 

Aver. 

Dev. 

Vkcuum  Oven 
(on  Untreated 
Sample) 

t 

Std.  Dev, 

0.85 

0.06 

0.17 

- 

0.51 

0.34 

3.4=’! 

0.089 

3.183 

0.160 

3.34 

0.15 

4.717 

0.056 

5.00 

0.24 

4.86 

0.14 

8.96 

0.?6 

8.99 

0.55 

8.98 

0.02 

0.28 

Vacuum  Oven 
( on  Sample 
After 

Deterndnatlon 
of  M.C.  by 
Manometrlc 
Method) 

0 

0.U5 

- 

l.ll 

• 

0.73 

0.33 

4.02 

0.?1 

3.50 

0,6U 

3.76 

0.26 

5.09 

0,09 

_ 1 

5.0U 

0,19  5.07 

0.03 

.  .  . 

7.34 

0.33 

6.68 

0.06 

7.01 

0.33 

li—  a .  ■ 

Vecuum  Oven 
(on  Untreated 
Sample) 

0 

0.51 

0.3); 

3.34 

0.)5 

4.86 

0.14 

0.98 

0.02 

X 


TABLS 

LIBRIUM  RKUTIVK  HUM! PITT 
HOISTURB  COMTEMT  FOR 
|>BACHR3 


Technique 

R.H. 

B1 

Derived 

M.C. 

Deviation 
Prom  Vac, 
Oven  M.C. 

Hygrometrlc 

Std.  Dev. 

8.10 

0.50 

0.35 

8.65 

8.38 

0.53 

0.36 

34.0 

4.40 

0.91 

34.2 

34.1 

4.50 

1.32 

30.8 

3.52 

1.20 

•tKmmmm 

3.75 

1.25 

41.3 

9.30 

0.34 

40.7 

41.0 

8.70 

0.29 

0.93 

Manometrlc 

?.53 

m 

2.53 

— 

?3.? 

23.6 

23.4 

T  ! 

29,5 

.  . 

i 

29.9 

29.7 

37,9 

L _ 

37-0 

37.5 

Manometrlc 

Std.  Dev. 

2.53 

- 

0.51 

0.00 

2.53 

2.53 

0.51 

0.00 

23.2 

3.32 

0,01 

23.6  1 

23.4 

mm 

m 

4.84 

29.9 

29.7 

b 

0 

0,14 

37.9 

9.10 

0  12 

37.0 

37.5 

8.60 

0.38  ^ 

! 

-  ,  km . . 

j.  16 

•  27 


TAW-E  XI 

VARIATION  OF  EaUILIBRIUM  REUTIVE  HUMIDITY 


WITH  SAMPLE  MOISTURE  CONTENT  FOR  DEHYDRATED  CHICKEN 


ot  2P 


Vaoutan 

Ovan 

(on  Untraatad 
Sanpla ) 


8td,  ‘Dav, 


Vaeuvn 

0»an 

(on  Sanpla 
Aftar 

Datarnlnatio 
of  M.C.  by 
ManoiMtrlo 
Mathod) 


M.C. 

Dav. 

2.032 

0.111 

2.048 

m 

5.703 

0.036 

5.330 

0.056 

7.916 

0.031 

7.933 

0.020 

0.067 

1.700 

0.064 

1.383 

0.020 

4.366 

0.013 

4.919 

0.012 

6.737 

0.024 

6.326 

0,005 

12.69 

0,03 

12.74 

0.05 

Taabniqua 


M.C.  DarlTad 
D  S  *  from  Callb. 
"*"*  Curva  for 


0.03 


0.20 


5.30  0.09  0.09 


5.73  0.10  0.10 


7.93  0.01  0.01 


7.93  0.00  0.00 


0.11  0.08 


2.90  0.09  0.86 


3.05  0.11  1.01 


6.05  0.04  0.28 


6.13  0.03  0.36 


8.25  0.08  0.32 


8.35  0.02  0.43 


VARIATION^ 


WITH  SAMPLE  HOir.TURL.  Ci 


Toohnlquo 

B 

Dav. 

Avar. 

Dav. 

Vacuum 

Ovan 

(on  Ontraatad 
Sanpla) 

Std.  Oav, 

2.715 

0.034 

2.969 

0.002 

2.342 

0.127 

6.728 

0.041 

6.729 

0.012 

6.729 

0.001 

9.558 

0.045 

9.591 

0.053 

9.574 

0.016 

0.040 

— 

— 

Vacuum 

Ovac 

(on  Same la 
Aftar 

Datarmlnatlon 
of  M.C.  by 
Manomatrle 
Nathod) 

2.545 

0.030 

2.669 

0.019 

2.607 

0.062 

5.325 

0.137 

4.319 

0.054 

4.822 

0.503 

7-603 

0.009 

7.947 

0.003 

7.741 

,0.017 

7.764 

0.122 

12.14 

0.06 

12.04 

0.04 

12.09 

0.05 

Vacuum 

Oven 

(on  tJntreatad 
Sanpla ) 

2.642 

0.127 

6.729 

0.001 

9.574 

0.016 

' 

15.80 

0.00 

TAbLE  XII 


OIBRIUM  REUriVE  HUMIDITY 
3K7£ifr  rOR  PEHYDRATKIJ  CHIC-KEN 
Lot  5P 


Taehnlqua 

R.H, 

Avar. 

R.H. 

M.C.  Darlvad 
from  Callb. 
Curva  for 

Dav.  from  Vac. 

Ovan  M.C.  of 
M.C-  Dar.  from 
Cai.  Curva  for 

;|Qjy 

Lot  2 

Lot  5 

Hygroawtrle 

3td« 

4.1 

2.86 

2.66 

0.14 

0.14 

3.9 

m 

2.73 

2.73 

0.24 

0.24 

:o.7 

6.73 

6.73 

0.00 

0.00 

30,7 

30.7 

6.73 

6.73 

0.00 

0.00 

52.6 

• 

9.50 

0.06 

53.5 

53.1 

aa 

HI 

- 

B 

0.16 

0.14 

Kanoaiatrle 

0.421 

14.30 

12.63 

13.5 

25.67 

25.67 

L....  .  .....  ... 

28.20 

26.51 

57.66 

57.24 

57.5 

Hanoiwtrlo 

Std.  Dav. 

0,421 

1.90 

2.85 

0.94 

0.01 

0.210 

0.32 

m 

* 

- 

- 

14.30 

6.53 

6.90 

0.20 

0.17 

12.63 

13.5 

6.15 

6.55 

o.5« 

0.18 

25.67 

9.05 

9.45 

0.52 

0.12 

25.67 

9.05 

9.45 

0.52 

0.12 

28.20 

26.5 

9.57 

9.95 

0,00 

0.38 

57.66 

15.65 

- 

0.15 

57.24 

57.5 

15.60 

9E9 

0.20 

O.IC 

' 

0.52 

QBH 

! 
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TABLE  XIV 


REPRODUCIBILITY  AND  ACCURACy 
OP  MOISTURE  CONTENT  ANALYSES 


Pood 

Error  in  Percent  Moisture  Content^ 

.  ..... 

n| 

T 

Sr 

Sm  !  ^ 

■n 

n 

M 

Cabbage 

0.01;3 

0.000 

0.047 

0.000 

0.063 

0.043 

Milk 

0.0U5 

0,025 

0,063 

0.056 

0.037 

0.0B2 

0.050 

0,050 

Peppers 

0.06? 

0.057 

0.085 

0.116 

0.026 

0.084 

0.068 

0,104 

Potatoes 

O.Olj.? 

0.067 

.  . 

Or  130 

0.100 

0.100 

0.061 

0.111 

0.074. 

Rice 

0.035 

0.059 

0.150 

0.036 

0.130 

0,000 

0.138 

0,035 

Average 

o.c%s 

O.OI4.O 

0.098 

0.070 

0.068 

0.033 

0.088 

0.061 

**Hol0tur«  content  error 


V  -  In  vacuum  oven  analysis 

T  -  caused  by  variation  of  temperature 

-  in  hygrometrlc  analysis 

g 

M  “  in  raanoraetrlc  analysis 

h  -  in  hygrometrio  analysis  by  factors  Other  than 
temperature  or  vacuum  oven  analysis 

m  »  in  nanoraetrlc  analysis  by  factors  other  than 
temperature  or  vacuum  oven  analysis 

H  -  in  hygrometx'ie  analysis  by  factors  other  than 
temperature 

M  in  man ome trio  analysis  by  factors  other  than 
temperature 
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TABLE  XIV  (Continued] 
REPRODUCIBILITY  AND  ACCTJRAC 
OP  MOISTURE  CONTENT  ANALYSES 


(U)  Sjj2  «  T^  +  h2 

(lb)  h  «  Vsh^  »  T2) 

(2a)  Sh^  • 

(2b)  H  «  /Sjj^  -  t2 


Similarly 


TABLE  KV 

POMR  OROUP  ACCESSIBILITY  (MEASURED  BY  HYDROOEW  EXCHAHQE) 
AS  A  PUHCTIOH  OP  MOISTURE  CONTENT 


Column  No. 

Equlllf 

rr- 

2 

rc 

■31 

5 

6 

7 

8 

9 

10 

11 

1  t  1 

*.  a*  ^ 

JO  “ 

159 

Total 

V 

(mg) 

m 

R.H. 

(i) 

arose 

Radio¬ 

activity 

(in,6Bln) 

Not 

Radio¬ 

activity 

(mv/feln) 

Specific 

Radio¬ 

activity 

rmv/mln| 

Initial 

Total 

Radio¬ 

activity 

(mv)(mg) 

8/7 

Aoceaa. 

Polar 

Oroupa 

Acoeaa. 

Polar 

Oroupa 

(MX.  i) 

L  R.H.  J_ 

inln)(R.Hj 

(mg) 

(mgH^) 

16 

1 

34.2 

1.74 

5.20 

1.27 

21.5 

• 

m 

14 

5 

38.2 

1.94 

- 

9.34 

5.48 

" 

108 

- 

- 

m 

14 

43.2 

2.20 

2.60 

17.0 

13.1 

5.04 

215 

42.7 

KZQI 

-0.03 

ee  • 

ma 

48.2 

2.45 

3.10 

- 

20.0 

6.45 

50.0 

1.8 

0.09 

11 

25 

58.2 

2.96 

4.50 

40.1 

36.2 

8.04 

538 

66.9 

wEm 

0.44 

8 

50 

83.2 

4.23 

11.0 

69.1 

65,2 

5.93 

1075 

181 

SB! 

4.97 

100 

tjm 

6.77 

31.3 

179 

■191 

2150 

385 

12.8 

.  • 

140 

173 

8.80 

47.5 

- 

2n 

5.75 

3010 

523 

350 

17.8 

4 

200 

mm 

11.9 

- 

461 

457 

• 

- 

- 

- 

- 

*Int*rpolit«d  from  Plijur*  19 


1.  Ttia  weight  of  trttleted  water  which  givea  21,5  Kv/nln/R.H.  In  the  275  nl  Ion  ohamber  (Figure  IB) 
Thle  wel^t  of  trttiated  water  wet  added  to  2,00  grama  of  deh/drated  ehleken  (moiature  con¬ 
tent  1.687  percent  by  weight  on  a  dry  baala). 

2.  The  total  weight  of  water  preaent.  Thia  figtire  la  the  aum  of  the  weight  added  (column  No.  1) 
and  the  33*2  mga  of  water  preaent  initially. 

3.  The  moiature  content  (percent  by  weight  on  a  dry  baala)  of  the  foed  alter  adding  the  trltl- 

ated  water.  Thle  figure  le  obtained  by  dividing  the  total  water  preaent  (eolunn  No.  2)  by 

1.97  (the  dry  weight  of  the  food). 

U.  The  relative  hxuildlty  of  the  elr  above  the  food.  Thle  value  la  obtained  from  Figure  ]2  ualng 

the  moiature  content  entered  la  column  No.  3< 

5.  The  radioactivity  meaeured  In  the  275  ml  Ion  chamber  connected  to  the  exchange  veaaal. 

6.  The  net  activity.  Thle  value  la  obtained  by  subtraction  of  background  from  the  total  radia¬ 
tion  Hated  In  column  No.  5. 

7.  The  aneclflc  radioactivity  of  the  water  in  equilibrium  with  the  food  sample  (activity  per 
given  amount  of  water).  This  figure  le  obtained  by  dividing  column  b  by  column  No,  4. 

8.  The  Initial  total  activity.  Thle  activity  la  obtained  by  multiplying  column  No.  1  by  21.5 
atv/mln/R.H. 

9.  The  figure  obtained  by  dividing  column  No.  8  by  column  No. 

10.  Accesalbla.  exchangeable  groups,  expressed  as  equivalent  mgs  of  water  In  1.97  g  of  dry  chicken. 
This  figure  la  obtained  by  subtracting  column  No.  2  from  column  No.  9. 

11.  Aceoaalble,  exchangeable  groups  In  1.97  g  of  chicken.  This  figure  la  obtained  from  the 
figure  In  ooltunn  No.  9  and  la  expressed  as  M.C,  In  percent  by  weight  on  a  dry  beals. 
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RelatlTe  Hwnldlty  {%) 


OManometric  (Oven  Analysis  on  Untreated  Samples) 
O  Manometrlc  (Oven  Analysis  After  R\m) 


Relative  Humidity  {%) 


I 


RelatlT*  HuKidity  (^) 


I 
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A  Manomptrlc  (Oven  analyai?  on 

parfiole.n) 

O  Manometric  (Oven  analysis 

after  run; 

Hygrometric 


FIOUFtE  10 

RELATIONSHI P  DEl-WEEN  MOISTURE 
CONTENT  AND  ECUlLJBRIim 
RELATIVE  HUMIDITY  FOR 


PFACHES 


OMancmetrlc  (Ov«n  Anelyels  cn  Untraated  Samples) 
O  Manometrle  (Oven  Analysis  After  Run) 

^  Hygrometric 


Relative  Humidity  (^) 
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60 


?0 


30  I4O 

Relative  Humidity  (^) 
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50 


Relative  Hiunldlty  {%) 
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FIGURE 

'F  ATTAINMENT  OF  MOISTURE  EQUILIBRIUM  WITH  MANOMETRIC  METHOD 


.ee 


3 


rat::  0?  atta intent  of  moisture  equilibrium  with  mano^ietric  method 


CLOSE-UP  OF  EXCHANGE  VESSEL 


\ 
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Polar  Group  Accessibility  (Moisture  Content ^  ^  on  a  Dry  Basis) 
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